It is known that the decay process η → π 0 π + π − in free space is possible due to the isospinsymmetry breaking in Quantum Chromodynamics (QCD), i.e., the small mass difference between u and d quarks: The small width is intimately related with the mixing property between η and π 0 mesons for which the chiral anomaly play a role. In asymmetric nuclear matter such as heavy nuclei, isospin-symmetry breaking is large and it is expected that the mixing property of the mesons changes significantly and the above-mentioned decay width of the η created in such a medium may be enhanced. This is an intriguing possibility to revealing a medium effect on a hadron in nuclei. We apply the in-medium chiral perturbation theory to estimate the modification of the η-π 0 mixing angle and the partial width of η → π 0 π + π − in asymmetric nuclear matter as a function of the isospin asymmetry. We find that these quantities can be greatly enhanced in neutron-rich matter, which should be deteactable in experiment.
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Introduction
The theoretical account of the η decay into three π's is a long-standing problem of hadron physics. It was shown by Sutherland [2] that the apparant isospin breaking in this decay process can not be attributed to the electromagnetic effect, and it is now understood that the primary cause is the intrinsic isospin-symmetry breaking in QCD, i.e., the small mass difference of u and d quarks. 1 However, the tree-level value given by the current algebra with isospin-symmetry breaking was found too small value in comparison with the experimental data [1] . The incorporation of the one loop effect in the chiral perturbation theory leads to a significant correction to the tree result [8] and the recent two-loop calculation in the chiral perturbation theory with some assumptions gives a fairly good agreement with the experimental data [9] . It should be stressed that the all above calculation show that the essential cause of the η-3π is the isospin asymmetry in QCD.
In this work, we examine the possible enhancement of the η-to-3π decay in the iso-asymmetic nuclear matter where the isospin symmetry is explicitly broken, which may enhance the η decay! This can be another example of the hot subjects to explore possible modification of hadron properties in the environment characterized by temperature, baryonic density, magnetic field and so on [10] . We estimate a change of the η-π 0 mixing angle and the partial width of the η decay into π 0 π + π − using the in-medium chiral perturbation theory [11, 12] at the nucleon one loop level.
We find that the η decay into 3π is enhanced in the asymmetric nuclear matter, which is a novel medium effect on hadron properties and can be tested in experiment.
Method
Our calculation is based on the in-medium chiral perturbation theory [11, 12] , and the Lagrangian of πN system is given as follows,
The nuclear matter effect is taken into account through the nucleon propagator,
which consists of the free-space part and the Pauli blocking effect in the nuclear medium. In the present work, the nuclear matter is treated as a free Fermi gas as the leading-order approximation. [13, 14] , where the meson masses and decay constant are physical ones.
We evaluate the contribution from the diagrams shown in Fig. 1 . In our calculation, we consider the nucleon mass m N as a large quantity and ignore the other quantities such as the meson mass or the three-momneta of hadrons in comparison with the nucleon mass. Then the nucleon one-loop diagram gives contribution in the order of O(k 3 f ), and the tree level in the free-space part is in the order of O(q 2 ). The first two diagrams (a) and (b) cause a change in the η-π 0 mixing angle and the other diagrams (c), (d) and (e) modify the η-to-3π decay rate.
Results
Let the m 2 ηπ 0 be the off-diagonal term of the η and π 0 meson mass matrix. Then the η-π 0 mixing angle θ is given as tan 2θ = . In the medium, m 2 ηπ 0 is evaluated to be
, which is finite due to the current-quark mass difference between u and d quarks. The η-π 0 mixing angle is small and we have
Here, we note that the in-medium η-π 0 mixing angle depends not only on the nuclear asymmetry δ ρ = ρ n − ρ p but also on the total density ρ = ρ n + ρ p .
The nuclear asymmetry δ ρ dependence of the η-π 0 mixing angle with several fixed total density ρ is shown in Fig. 2 . We see that the η-π 0 mixing angle increases in the asymmetric nuclear matter. This result is natural and confirms our expectation that the asymmetric nuclear matter works to enhance the isospin-symmetry breaking effect and enlarges the η-π 0 mixing angle. Next, the in-medium decay width of η to π 0 π + π − M η→π 0 π + π − is evaluated to be
Here the sin θ ∼ θ is obtained from Eqs. (3.2) and (3.1), s = (p η − p π 0 ) 2 denotes a Mandelstam valuable with p η andp π 0 being the four-momenta of the η and π 0 , respectively, and s 0 is given by
3 . The δ ρ dependence of the decay width of η → π 0 π + π − with several fixed ρ are presented in Fig. 3 , which shows that the decay width is enhanced in the neutron-rich matter along with the η-π 0 mixing angle. This enhancement is traced back to the first term of the matrix element in Eq.
(3.3), which is proportional to sin θ with θ being the η-π 0 mixing angle.
Conclusion
In this paper, we have examined the effect of the isospin-asymmetry of the nuclear medium on the η-π 0 mixing angle and the η → π 0 π + π − decay width. The nuclear matter effect is included within the nucleon one-loop level, O(k 3 f ), whereas the free-space part is evaluated in the tree level up to O(q 2 ). The resultant η-π 0 mixing angle and the width of η → π 0 π + π − are presented in Eq. (3.1) and Eq. (3.3), respectively. We have found that both the mixing angle and the decay width are largely enhanced in neutron-rich asymmetric nuclear matter.
For the discussion of the observability of the enhancements of the mixing angle or the decay width, we are plannning to include the higher order contribution of meson loop, which gives the large correction to the decay width in the case of the free space. The large correction from the meson one loop is related to the σ resonance in the S-wave π + π − channel [15, 8] and the further π + π − in asymmetric nuclear matter Shuntaro Sakai effect of the nuclear matter on the decay process may come from the sigma mode in the nuclear matter.
